The article presents the problem of supply chain optimization from the perspective of a multimodal logistics provider and includes a mathematical model of multilevel cost optimization in the form of MILP (Mixed Integer Linear Programming). The costs of production, transport, distribution and environmental protection were adopted as optimization criteria. Timing, volume, capacity and mode of transport were also taken into account. The model was implemented in the LINGO ver.12. The numerical experiments were carried out using sample data to show the possibilities of practical decision support and supply chain optimization. Keywords: supply chain, multimodal logistics, MILP, decision support, optimization.
Introduction
A supply chain is a concept in the area of science and practice that has been strongly developing since the '80s of the last century. Numerous definitions describe the term, and a supply chain reference model has also been designed ( [6] , [19] and [20] ). A supply chain is commonly seen as a collection of various types of companies (raw materials, production, trade, logistics, etc.) working together to improve the flow of products, information and finance. As the words in the term indicate, it is a combination of the chain's individual links in the process of supplying products (material and services) to the market.
The idea of the supply chain dates back to the early '80s of the past century when it was used as an alternative way to assess the relationship between suppliers and customers in the market previously perceived as an arena of ongoing hostilities and taking advantage of the position in the market for benefits and synergy effect.
Initially, a supply chain was a remedy adopted for reducing a company's, supplier's and customer's inventory levels. Currently, attention is being drawn to integration and synchronization of activities within the supply chain, and its automation through IT solutions and multimodal environments.
Supply-chain problems fall into three categories:
 supply-chain infrastructure (network) design and strategy,  supply-chain planning,  supply-chain operations and execution. The first two categories are essentially offline activities associated with establishing the best way to configure and manage the supply-chain network. The third category involves decisions on how to operate the network to choose best response to the external conditions faced by the supply chain (online decision).
The article presents the problem of outsourcing logistics management in supply chain with multimodal network environment and a mathematical model of supply chain optimization in multimodal environment as an integer linear programming problem [12] . This model can be the basis for the decision support in the supply chain management.
The application of the model will allow answering many decision questions such as: How to realize customers' orders at the best price? How will they look at the time of delivery? Which distributors will take part in the supply? Do distributors have sufficient capacity to carry out the orders? What is the level of utilization of capacity distributors? There can be many more of such questions.
As you can see, the results of the optimization of the presented model can be the basis for the decision support (both offline and online).
The complexity and flexibility of the presented model as well as the manner of its implementation are the main achievements and contributions of the article. An additional achievement is the formulation of the model in the form of integer linear programming, which facilitates its use in the practical aspects. This is due to the availability of multiple environments solving this class of models like LINGO, CPLEX.
Very interesting is also the proposal to introduce a new class of decision variables at the implementing level. These variables allow making a deeper analysis of the obtained solutions being transparent to the model, not complicating it further.
Supply Chain Management
The aim of supply chain management (SCM) is to increase sales, reduce costs and take full advantage of business assets by improving interaction and communication between all the actors forming the chain. The supply chain management is a decision process that not only integrates all of its participants but also helps to coordinate the basic flows: products/services, information and funds. Changes in the global economy and the increasing globalization lead to the widespread use of IT tools, which enable continuous, real-time communication between the supply chain links. One of the objectives is to optimize logistics and entrust it to specialized companies.
This trend contributed to the development of logistics outsourced operators known as 3PL, 4PL, or 5PL. The term 3PL (Third Party Logistics) refers to the use of external companies and organizations to carry out logistic functions that can involve the entire logistics process or its selected features. The company offers and provides 3PL services using its own means of transport, warehouses, equipment and other necessary resources, and acts as a "third party" between a producer and a customer. The resulting model with the supply chain logistics services outsourced to specialized 3LP companies is shown in Fig. 1 . This kind of cooperation is frequently referred to as the logistics alliance.
4PL (Fourth Party Logistics) is a certain evolution of the 3PL concept to provide greater flexibility and adaptation to the needs of the client. 4PL companies and organizations operate primarily by managing the information flow within the entire supply chain. A 4PL coordinates logistics processes along the whole length of the chain (from raw materials to end-buyers) not being limited only to the selected segment as is the case with a 3PL. The 4PL model enables the 3PL operator to become a coordinator and integrator of the flows, not just an operator of physical movement of goods. Very often, its subcontractors are 3PL or even 2PL (Second Party Logistics) operators, i.e., transport companies and warehouses. A company that uses the services of a 4PL provider is in contact with only one operator who manages and integrates all types of resources and oversees the entire functionality across the supply chain. 4PL providers, having a complete picture of the supply chain and large IT capabilities may offer optimization and decision support advisory services. Further development of logistics outsourcing resulted in the creation of 5LP model (Fifth Party Logistics) -providers of integrated logistics services that can design and implement flexible and networked supply chains with multimodal environments to cater to the needs of all participants (manufacturers, suppliers, carriers and end users) [18] . 
Mode of transport in Supply Chain
Many logistic providers have or use multimodal transportation systems. Transportation system is multimodal when the infrastructure supports various transportation modes, such as truck, rail, air, and ocean/river navigation, and carriers operating and offering transportation services on these modes. International multimodal transport is a logistic concept that covers the movements of goods from a supplier to a receiver under the responsibility of a single transport operator. It represents the flow of goods, where at least on one part of the transport chain, two different modern mode of transport are involved at the same time.
Currently, most of the logistics is or uses the services of MTO (Multimodal Transport Operator-organizes and is responsible for the whole transport chain on the basis of one multimodal contract).
A model of supply chain network of multimodal transport is shown in Fig. 2 . The chart on the left shows all the acceptable modes of transport between the participants in the supply chain. The chart on the right shows the optimal or feasible configuration of the transport for a given set of customer orders.
Motivation
Simultaneously considering the supply chain production, distribution processes in distribution centers and transport-planning problems greatly advances the efficiency of all processes. The literature in the field is vast, so an extensive review of existing research on the topic is extremely helpful in modeling and research. Comprehensive surveys on these problems and their generalizations were published, for example, in [9] .
In our approach, we are considering a case of the supply chain where:
 the shared information process [9] in the supply chain consists of resources (capacity, versatility, costs), inventory (capacity, versatility, costs, time), production (capacity, versatility, costs), product (volume), transport (cost, mode, time), demand, etc.,  the transport is multimodal (several modes of transport, limited number of means of transport for each mode),  different products are combined in one batch of transport,  the cost of supplies is presented in the form of a function (in this approach linear function of fixed and variable costs) ( [11] , [15] , [14] , [10] and [16] ),  different decision levels are considered simultaneously,  the environmental aspects of use of transport modes (depend on the use of fossil fuels and carbondioxide emissions etc.). Therefore, the motivation behind this work [9] is to suggest an approach to decision support in the supply chain that can provide decision support at various levels of decision-making, taking into account the many types of constraints (time, capacity, environment etc.). The proposed approach will be a demanddriven model. The aim of this paper is to design and implement the model that can become the basis for making optimal decisions at different levels of supply chain management. The proposed solution will also enable a comprehensive examination of the impact on cost and performance of various parameters of the shared information. An important feature of the proposed model is its multimodality. It occurs at different levels of detail. On the one hand, the model includes multimodal transport and on the other constraints of the model are different types (modes). There are resource constraints, time constraints, capacity constraints, space and environment constraints.
Mathematical model
For the supply chain network model (see Fig. 3 ) with multimodal transport (see Fig. 2 ), an optimization model was proposed, designed from a perspective of logistic /MTO providers. The mathematical optimization model was formulated as an integer linear programming problem ( [17] , [25] ) with the minimization of costs (1) under constraints (2).. (24) . Indices, parameters and decision variables in the model together with their descriptions are provided in Table 1 . The proposed optimization model is a cost model that takes into account two other types of parameters, i.e., the spatial parameters (are/ volume occupied by the product, specified by the distributor) and time (duration of delivery and service by distributor, etc.). The position of each parameter against the subsequent links of the supply chain is shown in Fig. 4 . The objective function (1) defines the aggregate costs of the entire chain and consists of five elements. The first is the fixed costs associated with the operation of the distributor involved in the delivery (e.g. distribution center, warehouse, etc.). The second part sets out the environmental costs of using various means of transport. They are dependent on the one hand the number of courses the means of transport, the other from the environmental levy, which may depend on the use of fossil fuels and carbon-dioxide emissions.
The third component determines the cost of supply from the manufacturer to the distributor. Another component is responsible for the costs of supply from the distributor to the end user (the store, the individual client, etc.). The last component of the objective function determines the cost of manufacturing the product by the given manufacturer. The model was developed with the constraints (2).. (24) .
Constraint (2) specifies that all deliveries of product k produced by the manufacturer i and delivered to all distributors s using mode of transport d do not exceed the manufacturer's production capacity. (13) and (14) represent the relationship by which total costs are calculated.
In general, these may be any linear functions. The remaining constraints (15) ... (24) arise from the nature of the model (MIP-mixed integer linear programming).
In this model the cost of supplies Koa (13), Kog (14) is presented in the form of a function. This could be any function with various parameters. In the present version of the model, they are linear functions whose values depend on such supplied products, distance and mode of transport.
The objective function -minimization of costs
subject to: 
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Implementation of the model
The model was implemented in LINGO environment designed by LINDO Systems [8] . LINGO Optimization Modeling Software is a powerful tool for building and solving mathematical optimization models. The LIN-GO package provides the language to build optimization models and the editor program including all the necessary features and built-in "solvers" in a single integrated environment. It is designed to model and solve linear, nonlinear, quadratic, integer and stochastic optimization problems. Model implementation is possible in two basic ways. The first way is to enter the model into the LINGO editor in the explicit form, that is, a full function of the objective with all the constraints, parameters, etc. Although this approach is intuitive and consistent with the standard form of linear programming [17] , it is not very useful in practice. This is due to the size of models implemented in practice.
For the examples presented in "Computational Examples" chapter, the number of decision variables and constraints was 451 and 863, respectively. The other way is to use the LINGO language of mathematical modeling (implicit form), an integral part of the LINGO package, whose basic syntax elements are shown in Table 2 .
84
Paweł Sitek, Jarosław Wikarek For real examples with sizes exceeding several decision variables, the construction and implementation of the model is only possible using the modeling language (see Listing 1).
The basic elements of LINGO mathematical modeling language syntax are presented in 
! Constraint-production capacity ; @for(production(i,k): 
End
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Computational examples
The mathematical model (1).. (24) The examples differ in capacity available to the distributors (V s ) and the environmental cost of using mode of transport d (Od d ). The numerical data for all the model parameters from Table 1 are presented in Table 3 .
Decision variables of the model are directly or indirectly related to the mode of delivery (customer orders) for operational decisions. These decisions refer to proper volume supply of particular products and the number of runs in a specific mode of transport.
Full list of non-zero decision variables which optimize the objective function (Fc = 37820), for example, P1 is shown in Table 4 . Fig. 6 illustrates that the modes of transport have been selected for various routes for the optimal solution. On the basis of these results it is possible to draw conclusions about the structure of the supply chain and transportation. Decisions resulting from the conclusions are long-term decisions concerning, for instance, distribution capacity, production capacity etc. For further studies and especially longterm decision support, the optimization model was extended in the implementation stage. Table 4 .
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Conclusions
The paper presents a model for optimizing supply chain costs. Creating the model in the form of a MILP problem undoubtedly facilitates its solution using mathematical programming tools available in LINGO package 1 , in CPLEX 2 or others. The model should be implemented in one, selected environment package. Implementation of the model in the LINGO package and the computational experiments was presented. The approach from the perspective of optimizing logistics provider that has access to all data and all participants in the downstream chain is very interesting.
After the implementation of the language from the LINGO mathematical modeling package, a number of computational experiments were conducted. Seven of them in the form of examples P1 .. P7 were described in the article. Based on the experimental results, analysis and previous experience, the authors can state that the proposed model and its implementation ensure a very large range of applications. First, they allow finding the distribution flows (decision variables) for the modeled supply chain in optimal or feasible multi-modal network, which minimize the global cost satisfying the needs of customers. Second, they offer a lot of possibilities for decision support in supply chain management through the solutions sensitivity analysis and determination of the range and quality of the effect of various parameters on the cost and even on the structure of the supply chain. The analysis presented in the article, only in terms of the capacity available to distributors and producers fully confirms this statement.
On the one hand, a number of computational experiments show the correctness of the proposed model, on the other hand, they indicate high volumes of calculations that resulted from the nature of the model. This in practice may result in obtaining feasible solutions. Therefore, further work on the presented model and on other models of decision making in the field of supply chain management, manufacturing, etc. will be conducted in two environments. In the first environment we will focus on finding feasible solutions using CLP (Constraint Logic Programming) [23] . The other environment will employ LINGO-type packages for finding the optimal solution based on the results from the first environment. It can be concluded that it would also be multi-modal approach to the implementation and modeling.
